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ABSTRACT 

The e x i s t i n g  d r y  box f a c i l i t y  has  been modif ied and c a l i -  

b r a t  ed  f or condu e t  i n g  high-  t empera t u r e ,  l i q u i d - p o  t a  s s ium cav i  t a  - 
t i o n  damage t e s t s .  The f a c i l i t y  i s  capable  of b e i n g  ope ra t ed  

a t  t empera tu res  up to 1300 F. 0 

Oxygen and moi s tu re  i n  t h e  a rgon  cover gas  i n  t h e  d r y  box 

can be main ta ined  below 5 ppm f o r  1 hour  wi th  t h e  g love  p o r t s  

c l o s e d .  

An 8-hour potassium p u r i t y  t e s t  under  o p e r a t i n g  c o n d i t i o n s  

was made and ox ide  i m p u r i t y  l e v e l s  were main ta ined  w e l l  below 

50 ppm. 

I n s t r u m e n t a t i o n  for moni tor ing  ampl i tude  of  t h e  magneto- 

s t r i c t i o n  d e v i c e  has  been i n s t a l l e d  i n  t h e  a i r - c o o l e d  f r e e  end 

o f  t h e  t r a n s d u c e r ,  away from c o n t a c t  wi th  l i q u i d  meta l  vapor .  

A program f o r  c a v i t a t i o n  damage t e s t s  under  v a r i o u s  tem- 

p e r a t u r e  arLd p r e s s u r e  parameters  i s  i n  p r o g r e s s .  The m a t e r i a l s  

se lec+,ed  a r e  TZC, T-111, T i c ,  and Cb-132M. 
A 0 - v  
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CAVITATION DAMAGE I N  L I Q U I D  METALS 
(POTASSIUM STUDIES ) 

Technica l  P rogres s  Report  607-1 
For t h e  Per iod  

10 Janua ry  1966 - 31 J u l y  1966 

I ,  INTRODUCTION 

High-performance components such a s  mechanical  condensate  

pumps o f  a n u c l e a r  Rankine-cycle  space  power p l a n t  a r e  a n t i c i -  

pated. to o p e r a t e  for c o n s i d e r a b l e  p e r i o d s  of time i n  a c a v i t a t i n g  

environment of  h igh- tempera ture ,  a l k a l i  l i q u i d  me ta l .  The u l t i -  

n a t e  success  o f  such equipment may depend on t h e  r e s i s t a n c e  of  

rna:erials t o  c a v i t a t i o n  damage. High-temperature  l i q u i d  p o t a s -  

s i u m  i s  c u r r e n t l y  be ing  cons idered  f o r  t h e  thermodynamic and 

h e a t  t r a n s f e r  working f l u i d s  of t h e s e  power p l a n t s .  

Data on t h e  behavior  of c a n d i d a t e  m a t e r i a l s  c a v i t a t i n g  i n  

h igh - t empera tu re  potassium a r e  v i r t u a l l y  n o n e x i s t e n t .  One o f  t h e  

o b j e c t i v e s  o f  t h e  s u b j e c t  r e s e a r c h  program, t h e r e f o r e ,  i s  t o  ob- 

sa i r i  such d a t a .  I n  a d d i t i o n ,  s i n c e  l i q u i d - m e t a l  condensate  pumps 

cf zhese  Rankine-cycle  power p l a n t s  may c a v i t a t e  m d e r  v a r i o h s  

i r L i ? t  n e t  p o s i t i v e  s u c t i o n  heads (NPSH), t h e  parameters  o f  ambierit 

p r e s s u r e  a s  well a s  t empera tu re  w i l l  be  v a r i e d  to determine  t h e i r  

e: fee+,  on t h e  c a v i t a t i o n  damage r e s i s t a n c e  of  t h e  s e l e c t e d  

~ d ~ s l a i a l s .  
c 

From prev ious  c a v i t a t i o n  damage s t u d i e s  i n  h igh- tempera ture  

i i i u i d  sodiclm (1) under an  e a r l i e r  NASA Con t rac t  (KAS 3-4172), 
3'' i _ ; e r t  atmosphere d r y  box f a c i l i t y  i n c o r p o r a t i n g  a magrieto- 

s ~ r i c t i o n  a p p a r a t u s  and a l i q u i d  metal  r e t o r t  was c o n s t r u c t e d  and 
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c a l i b r a t e d .  The d e t a i l s  o f  t h i s  a p p a r a t u s  a r e  d e s c r i b e d  e l s e -  

where ( 2 ) ( 3 ) .  I n  t h e  p r e s e n t  s tudy ,  t h e  f a c i l i t y  was conver ted  

from l i q u i d  sodium t o  l i q u i d  potassium s e r v i c e  and means w i l l  be  

provided  t o  ma in ta in  r e t o r t  t e s t  p r e s s u r e s  independent  of  t h e  

d r y  box p r e s s u r e s ,  

11, OBJECTIVES OF THE PROGRAM 

The o b j e c t i v e s  of  t h i s  program a r e  t h r e e - f o l d :  

c 

1. To de te rmine  t h e  c a v i t a t i o n  damage behav io r  of 

s e l e c t e d  r e f r a c t o r y  a l l o y s  and 316 s t a i n l e s s  s t e e l  i n  l i q u i d  

potass ium a t  t empera tu res  r ang ing  from 400 0 t o  12OO0P. 

2.  To de te rmine  c a v i t a t i o n  damage behav io r  of  TZC r e -  

f r a c t o r y  a l l o y  and 316 s t a i n l e s s  s t e e l  under  p r e s s u r e s  r a n g i n g  

from 2 - 40  p s i a  ( r e t o r t  argon p r e s s u r e  minus potass ium vapor  

p r e s s u r e )  up t o  t empera tu res  of 1300 F. 0 

3. To a n a l y z e  t h e  d a t a  above , to  de t e rmine  t h e  m a t e r i a l  

p r o p e r t y  (or p r o p e r t i e s )  which c o n t r o l s  t h e  c a v i t a t i o n  damage r e -  

s i s t a n c e  of t h e  me ta l s ,  and t o  de t e rmine  t h e  l i q u i d  me ta l  p r o p e r t y  

( o r  p r o p e r t i e s )  which governs t h e  bubble  c o l l a p s e  energy for po- 

Lassium for v a r i o u s  tempera tures  and p r e s s u r e s .  

'Thus, from t h e s e  experiments,  c a n d i d a t e  m a t e r i a l s  can be ranked 

for performance i n  a n u c l e a r  Rankine-cycle  space  power p l a n t  

cinder a g iven  s e t  of  o p e r a t i n g  c o n d i t i o n s .  
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111. MODIFICATION OF THE TEST FACILITY 

The e x i s t i n g  t e s t  f a c i l i t y ,  shown i n  F i g u r e  1, f o r  c3n- 

d u c t i n g  c a v i t a t i o n  damage experiments  on r e f r a c t o r y  a l l o y s  i n  

h igh - t empera tu re  l i q u i d  sodium was modif ied for potassium s e r v i c e  

a s  fo l lows :  

( a )  A new r e t o r t  and a s s o c i = l t e d  vapor t r a p  were de- 

s igned  and i n s t a l l e d  to withs tand  independent  p r e s s u r e s  of  

50 p s i g  and 1300°F. 

( b )  Sodium p i p i n g  was r e p l a c e d  w i t h  new p i p i n g  to 

avo id  contaminat ion .  Improved t r a n s f e r  system h e a t i n g  was p ro -  

v ided .  

( e )  The h o t  t r a p  was c leaned  and recharged  w i t h  

zi rconium g e t t e r i n g  m a t e r i a l ,  and modif ied to permi t  vapor t r a p p i n g  

and rod-out  c l e a n i n g  of  vacuum and gas  l i n e s  to preven t  c logging  

d u r i n g  o p e r a t i o n .  

( d )  The m a g n e t o s t r i c t i o n  d e v i c e  was r e c a l i b r a t e d  u s i n g  

a n  ampl i tude  pick-up d e v i c e  r e p o s i t i o n e d  a t  t h e  open end o f  t h e  

t r a n s d u c e r .  A new means of  a i r - c o o l i n g  was incoppora t ed .  

( e )  New s e a l s  f o r  t h e  e l e v a t i n g  head mechanism and 

r e t o r t  n o z z l e  were des igned  and p a r t i a l l y  i n s t a l l e d .  

( f )  Heat ing  c o n t r o l  c i r c u i t s  were modi f ied .  . 
The s a l i e n t  d e t a i l s  of t h e  modif ied f a c i l i t y  a r e  d e s c r i b e d  

below. 
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R e t o r t  System 

d 

, 

A new r e t o r t  f o r  potassium s e r v i c e  capab le  of w i ths t and ing  
0 1300 F and p r e s s u r e s  from torr to 50 p s i g  was c o n s t r u c t e d  of 

a 5- inch  d iameter  304 s t a i n l e s s  s t e e l  t u b e  having a wa l l  t h i c k -  

n e s s  of  1/4 i n c h .  A s u i t a b l e  end cap was welded on t h e  bottom 

end o f  t h e  tube  to which was f i t t e d  t h e  e x i s t i n g  f i l l  and d r a i n  

p i p i n g  system used p r e v i o u s l y  f o r  t h e  sodium exper iments .  The 

upper  end of  t h e  r e t o r t  was f i t t e d  wi th  a mat ing f l a n g e  which 

b o l t e d  d i r e c t l y  to t h e  f l o o r  of t h e  d r y  box, and was s e a l e d  w i t h  

a meta l  O-r ing.  A s c r e e n  was p l aced  ove r  t h e  d r a i n  h o l e  t o  p r e -  

ven t  l a r g e  p a r t i c l e s  of  f o r e i g n  m a t e r i a l  from e n t e r i n g  t h e  po- 

t a s s ium p i p i n g  system, The e n t i r e  f a b r i c a t i o n  of t h i s  component 

conformed to h i g h e s t  commercial s t a n d a r d s  f o r  n u c l e a r  s e r v i c e .  

A l l  welds were helium l e a k  t e s t e d  and found t o  be f r e e  of  d e f e c t s .  

The e s s e n t i a l  d e t a i l s  of  t h e  r e t o r t  system a r e  shown i n  F i g u r e  2 .  

The head o f  t h e  r e t o r t  was modif ied s l i g h t l y  to i n c o r p o r a t e  

a vapor t r a p  system which ven t s  i n t o  t h e  d r y  box. A p r e s s u r e  

gage was f i t t e d  i n t o  t h e  vent  system f o r  measuring r e t o r t  p r e s -  

s u r e s .  The schemat ic  d e t a i l s  of  t h e  vapor t r a p  system a r e  a l s o  

shown i n  F i g u r e  2 .  Th i s  arrangement w i l l  pe rmi t  t h e  r e t o r t  

p r e s s u r e  to be main ta ined  a t  any l e v e l  independent  of t h e  d r y  

box p r e s s u r e .  Whenever specimens a r e  to b e  removed from t h e  r e -  

t o r t  f o r  o b s e r v a t i o n  and weighing, t h e  r e t o r t  p r e s s u r e  i s  equa l -  

i z e d  to box p r e s s u r e  by e i t h e r  v e n t i n g  t h e  r e t o r t  a tmosphere ir:to 

t h e  d r y  box a t  h i g h e r  r e t o r t  p r e s s u r e s  or by v e n t i n g  t h e  d r y  box 
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atmosphere i n t o  t h e  r e t o r t  a t  lower r e t o r t  p r e s s u r e s .  The vapor 

t r a p  i s  cooled by f a s t e n i n g  t h e  e n t i r e  assembly to t h e  water -  

cooled f l o o r  o f  t h e  d r y  box. 

' One e x i s t i n g  thermocouple well (short) i n  t h e  r e t o r t  head 

was removed and a heavy Inconel -shea thed ,  grounded thermocouple 

was i n s e r t e d  iiii-cugh a s u i t a b l e  f i t t i n g  t o  make d i r e c t  c o n t a c t  

w i th  t h e  upper  l e v e l  o f  potassium i n  t h e  r e t o r t .  'Inis a r rzngement  

p e r m i t s  f a s t e r  thermal  r e sponse  and a l lows  t h e  thermocouple to be 

used  a s  a secondary l i q u i d  l e v e l  i n d i c a t o r .  The pr imary  l i q u i d  

l e v e l  i n d i c a t i n g  method employs an  e l e c t r i c a l  c o n t a c t  th rough an  

ungrounded probe  a s  d e s c r i b e d  i n  t he  e a r l i e r  sodium experiments  ( 3 ) .  

Potassium T r a n s f e r  Svstem 

A new potass ium t r a n s f e r  system was i n s t a l l e d ,  u s i n g  3/8 i n c h  

O.D. annea led  316 s t a i n l e s s  tube  ( . O w  i n c h  w a l l )  t o  t h e  approx i -  

mate c o n f i g u r a t i o n  used f o r  t h e  p rev ious  sodium exper iments .  Trans-  

f e r  system h e a t i n g  was accomplished by wrapping t h e  l i n e s  wi th  

v a r i o u s  l e n g t h s  of  h igh- tempera ture  f i b e r g l a s s - i n s u l a t e d  h e a t i n g  

t a p e .  Each s e t  of  h e a t i n g  t apes  can be  c o n t r o l l e d  independen t ly  

by an  a u t o - t r a n s f o r m e r  a l lowing  s e p a r a t e  h e a t i n g  of r e t o r t ,  f i l l  

and dump,or h o t - t r a p  charge l i n e s .  These g l a s s - i n s u l a t e d  t a p e s  

performed s o  e f f i c i e n t l y  t h a t  no o u t e r  thermal  i n s u l a t i o n  e v e r  

t h e  p i p i n g  was necessa ry .  Thermocouples f a s t e n e d  t o  t h e  p i p i n g  

by means of  hose  clamps a r e  p o s i t i o n e d  a t  s t r ; . t eg i c  l o c a t i o n s  i n  

t h e  p i p i n g  system to permi t  a t empera tu re  check to be made a t  

elbows, f i t t i n g s  and va lves  p r i o r  t o  t h e  t r a n s f e r  of  po tass ium.  
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No t r o u b l e  was exper ienced  i n  t r a n s f e r r i n g  potass ium t o  any p a r t  

of  t h e  l i q u i d  me ta l s  loop .  The schemat ic  diagram o f  t h e  potass ium 

loop  i s  shown i n  F i g u r e  3. 

Hot Trap 

The c leaned  h o t  t r a p  was f u r t h e r  modif ied by r e p l a c i n g  t h e  

e x i s t i n g  sp r ing -ope ra t ed  be l lows-sea led  va lves  (which become i n -  

o p e r a t i v e  a f t e r  long-term exposure t o  h igh  t e m p e r a t u r e s )  w i th  

p o s i t i v e - o p e n i n g  be l lows-sea led  v a l v e s .  

One of t h e  e x i s t i n g  thermocouple w e l l s  ( s h o r t )  was removed 

and r e p l a c e d  by a 3/4-inch O . D . ,  316 s t a i n l e s s  s t e e l  tube ,  

.060-inch wa l l  t h i c k n e s s .  This  l a r g e r  t ube ,  which connec ts  t o  

t h e  cover gas  and vacuum p ip ing ,  pe rmi t s  t h e  i n s t a l l a t i o n  of a 

rod -ou t  system t o  c l e a r  t h e  l i n e  of potass ium r e s i d u e s  which a r e  

expected t o  accumulate  du r ing  prolonged o p e r a t i o n .  A s u i t a b l e  

vapor  t r a p  was i n c o r p o r a t e d  i n  t h e  cover  gas  and vacuum p i p i n g  

t o  c o n f i n e  t h e  potass ium vapor t o  t h a t  s e c t i o n  of p i p i n g  con- 

t a i n i n g  t h e  rod-out  mechanism. 

Heavy Incone l  - shea thed ,  Chrome1 -Alumel, groundedl thecmocouples 

were i n s e r t e d  i n t o  e x i s t i n g  p i p i n g  connec t ions  i n  t h e  h o t  t r a p  t o  

make d i r e c t  c o n t a c t  wi th  t h e  potassium. These f a s t - r e s p o n s e  

thermocouples  p r o v i d e  a l i q u i d  l e v e l  i n d i c a t i n g  system; a l ong  

thermocouple  i n d i c a t e s  t h e  beginning of f i l l  and t h e  s h o r t  thermo- 

coup le  i n d i c a t e s  t h e  upper  l e v e l  of f i l l i n g  for t h e  h o t  t r a p .  

T h i s  system has  worked so  we l l  t h a t  t h e  d e s i g n  of a d i r e c t  weigh- 

i n g  system f o r  measuring t h e  amount of potass ium charge  i n  t h e  

h o t  t r a p  was abandoned. 
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0 
The h o t  t r a p  i s  cycled a u t o m a t i c a l l y  to main ta in  a 1250 F 

t empera tu re  o v e r n i g h t  f o r  12 hours  and t h e n  cooled down so  t h a t  

potassium can be t r a n s f e r r e d  a t  abou t  500°F a t  t h e  s t a r t  o f  t h e  

working day. A h igh- tempera ture  s a f e t y  c u t o u t  on t h e  h o t  t r a p  

f u r n a c e  p r e v e n t s  t h e  p o s s i b i l i t y  of  ove r -hea t ing  d u r i n g  una t t ended  

p e r i o d s .  F i g u r e  4 shows a schemat ic  diagram of t h e  modif ied h o t  

t r a p  and assocti a t e d  i r is i , r , i i i l i~i l ta t loi3.  

M a g n e t o s t r i c t i o n  Apparatus  

The m a g n e t o s t r i c t i o n  appa ra tus  was modif ied to permi t  t h e  

ampl i tude  pick-up c o i l  t o  b e  r e l o c a t e d  on t h e  open end of t h e  

t r a n s d u c e r  t o  avoid  c o n t a c t  w i t h  potass ium vapor .  Previous  ex- 

p e r i e n c e  w i t h  sodium, where t h e  p ick-up  c o i l  was p o s i t i o n e d  on 

t h e  exponen t i a l  horn and exposed t o  l i q u i d  metal  vapor a t  e l e -  

va t ed  tempera ture ,  showed f r e q u e n t  f a i l u r e  of e l e c t r i c a l  i n s u l a -  

t i o n  on t h e  pick-up c o i l .  A f t e r  t r y i n g  s e v e r a l  schemes, i n c l u d i n g  

a n  a c c e l e r o m e t e r  and a p i e z o e l e c t r i c  c r y s t a l  (bo th  of  which ove r -  

h e a t e d  a t  t h e  p o i n t  of  a t tachment  t o  t h e  5ra:-iadxzer), t h e  o r i g i r , a l  

pick-up c o i l  was used i n  conjunct ion  w i t h  a r e s o n a n t  extepsior l  

rod a t t a c h e d  to one l e g  o f  t h e  f r e e  end o f  t h e  t r a n s d u c e r .  M u c h  

t r o u b l e  was exper ienced  a t  t h e  s o l d e r e d  j o i n t  between t h e  lIioun5- 

iclg p i d t e  arid t h e  t r a n s d L c e r .  At ,  high-power i n p u t ,  t h e  n e a t  gen- 

e r a t e d  a t  t h e  j o i n t  melted t h e  s o l d e r  and loosened t h e  a t tachment  

o f  5he  v o i c e - c o i l  e x t e n s i o n  r o d .  Tne f i n a l  c o n f i g u r a t i o n  u s i n g  

t i t a n i u t r  rod  and m i l d  s t e e l ,  t a p e r e d  s t u b  i s  shown i n  F i g u r e  5 .  
1 n i s  arrangement e l i m i n a t e d  the  need f o r  s p e c i a l  s e a i s  and al lowed 

c o o i i n g  by f o r c e d - a i r  c i r c u l a t i o n .  
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The h e a t  developed i n  t h e  t r a n s d u c e r  s t a c k  had been p r e -  

v i o u s l y  d i s s i p a t e d  by immersion i n  a water-cooled kerosene  b a t h .  

For a d d i t i o n a l  s a f e t y  r e a s o n s ,  i t  was dec ided  to e l i m i n a t e  a l l  

l i q u i d  coo l ing  and u s e  o n l y  compressed-air  f low to remove t h e  

h e a t  developed by t h e  t r a n s d u c e r .  Compressed a i r  from our  shop 

supp ly  was passed  through a h i g h - e f f i c i e n c y ,  water-cooled h e a t  

exchanger arid e ~ p ~ ~ ~ d e d  r s p i d l y  throligh =lr! expansion v a l v e  pl-ior 

to e n t e r i n g  a d r i l l e d  c i r c u l a r  r i n g  l o c a t e d  i n s i d e  t h e  t u b u l a r  

hous ing  a t  t h e  bottom of  t h e  t r a n s d u c e r  assembly. R a d i a l l y  

s w i r l i n g  cool  a i r  blows ove r  t h e  t r a n s d u c e r  s t a c k  ma in ta in ing  

p rope r  o p e r a t i n g  t empera tu res .  The schemat ic  d e t a i l s  o f  t h e  a i r -  

c o o l i n g  system a r e  shown i n  F igu re  5 .  

E l e v a t i n g  Head S e a l s  

The e l e v a t i n g  head system had to b e  completely d isassembled  

and c leaned .  The t u b u l a r  housing was sco red  from d u s t  and g r i t  

entrapment  on t h e  s l i d i n g  s e a l s .  The s c o r e  marks were removed 

and t h e  e x t e r n a l  s u r f a c e  of  t h e  t u b u l a r  hous tng  was r e p o l i s h c d  

t o  a m i r r o r  f i n i s h .  A f e l t  wiper r i n g  was i n s t a l l e d  i n  t h e  upper  

opening of  t h e  s e a l  we l l  o f  t h e  e l e v a t i n g  mechanism housing.  Th i s  

p r e v e n t s  f o r e i g n  m a t t e r  from e n t e r i n g  t h e  Mousing s e a l .  An a c -  

cord ian- type ,  Buna-Tu’ rubbe r  boor, w i l l  S e  a t t a c h e d  t o  t h e  com- 

p r e s s i o n  cap and b o l t e d  on to  t h e  t r a n s d u c e r  housing s o  t h a t  any  

m e t a l l i c  vapor i n  t h e  d r y  box w i l l  b e  prevented  from be ing  de-  

p o s i t e d  on t h e  p o l i s h e d  s l i d i n g  t u b u l a r  s u r f a c e .  
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Much d i f f i c u l t y  was experienced i n  r e a l i g n i n g  t h e  e l e v a t i n g  

mechanism, jack-screw assembly s o  t h a t  t h e  male t e l e s c o p i c  housing 

mates c o n c e n t r i c a l l y  and p e r p e n d i c u l a r l y  w i t h  t h e  female nozz le  

s e a l  on t h e  r e t o r t .  T h i s  i s  due t o  t h e  unsupported and r e l a t i v e l y  

long  t r a v e l  of t h e  t u b u l a r  housing a long  t h e  j ack  screws p r i o r  to 

mating wi th  t h e  r e t o r t .  For t h e  i n i t i a l  experiments  which a r e  to 

be conducted aL arr1iiiei;t i - z to r t  F r e s s w e s ,  m i n o r  misalignment can 

be  t o l e r a t e d ,  a s  t h e  s e a l  o n l y  p r e v e n t s  potassium vapor from en- 

t e r i n g  t h e  d r y  box d u r i n g  a t e s t .  For t h e  p r e s s u r e  experiments ,  

p o s i t i v e - s e a l i n g  means must be main ta ined  and t h e r e f o r e  t h e  e l e -  

v a t i n g  mechanism w i l l  have t o  be f i t t e d  wi th  g u i d e  b a r s  and a 

modif ied r e t o r t  s e a l i n g  system be i n s t a l l e d .  F i g u r e  6 shows t h e  

d e s i g n  o f  a back-up n o z z l e  s e a l  t o  p reven t  s p l a t t e r i n g  o f  po- 

t a s s ium i n  t h e  event  of  an  i n t e r n a l  O-ring f a i l u r e .  

Heat ing  Cont ro l  C i r c u i t s  

S e v e r a l  improvements were made i n  t h e  f a c i l i t y  h e a t i n g  s y s -  

tem. The r e t o r t  f u r n a c e  p r e v i o u s l y  used f o r  sodium experiments  

f a i l e d  and was r e p l a c e d  by a more s e r v i c e a b l e ,  h i g h e r  wat tage  

u n i t  p r o v i d i n g  f a s t e r  hea t -up  and more a c c u r a t e  t empera tu re  con- 

t r o l .  Four q u a r t e r - c i r c u l a r ,  h igh- tempera ture  ceramic h e a t e r s  a r e  

ciamped around t h e  r e t o r t  and r e s t  on an i n s u l a t i n g  base .  The 

e n t i r e  assembly i s  t h e n  wrapped w i t h  s e v e r a l  l a y e r s  of f i b e r g l a s s  

i n s u l a t i o n .  Each opposing p a i r  of  h e a t e r s  can be c o n t r o l l e d  by 

' a s w i t c h .  T h i s  arrangement a l lows  t,he u s e  of h a l f  or f u l l  power, . 
C' a s  r e q u i r e d ,  under  pyrometer c o n t r o l .  The f u r n a c e  o p e r a t e s  e f -  

0 
f i c i e n t l y  and can e a s i l y  main ta in  r e t o r t  t empera tu res  of  1500 F. 
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The potassium f i l l  and dump drums were f i t t e d  with band 

h e a t e r s  which have s e p a r a t e  t h e r m o s t a t i c  t empera tu re  c o n t r o l s .  

I n  a d d i t i o n ,  two r i n g  h e a t e r s  with s e p a r a t e  p r o p o r t i o n a l  c o n t r o l s  

a r e  mounted under  each drum; t h e s e  a r e  used p r i m a r i l y  f o r  r a p i d  

hea t -up  i n  con junc t ion  wi th  t h e  band h e a t e r s  u n t i l  t h e  d e s i r e d  

drum t empera tu re  i s  o b t a i n e d .  The potassium drum-heating sche-  

ma t i c  i s  shown i n  F i g u r e  7. 

The modif ied d r y  box and a s s o c i a t e d  systems have been checked 

f o r  p r o p e r  o p e r a t i o n  and found to perform t h e i r  i n t ended  f u n c t i o n .  

The n e x t  s e c t i o n  d e s c r i b e s  t h e  c a l i b r a t i o n  of t h e  f a c i l i t y .  

I V .  CALIBRATION OF THE DRY BOX FACILITY 

, 

The performance s t a n d a r d s  f o r  t h e  d r y  box a s  s e t  f o r t h  b y  

NASA a r e ,  a s  fo l lows :  

( a )  The t e s t  chamber, w i th  i t s  g love -por t  cover  p l a t e s  

i n  p l a c e ,  s h a l l  be capab le  of  ma in ta in ing  t h e  a rgon  p u r i t y  below 

5 ppm oxygen and 5 ppm wa te r  for a p e r i o d  o f  one hour .  

(b) The oxygen con ten t  of  t h e  l i q u i d  potass ium i n  t h e  

r e t o r t  s h a l l  be  main ta ined  below 50 ppm ove r  a n  8-hour day of  

normal o p e r a t i o n .  

I n  a d d i t i o n  to t h e  above, t h e  ampl i tude  o f  t h e  magneto- 

s t r i c t i o n  a p p a r a t u s  was c a l i b r a t e d ,  t h e  oxygen and moi s tu re  r i s e  

was r eco rded  w i t h  g love -por t  cover  p l a t e s  o f f ,  and pump-down 

p r e s s u r e  of  t h e  d r y  box was observed w i t h  a McLeod gage.  A l l  

i n s t r u m e n t a t i o n  was checked and a d j u s t e d ,  and a l l  systems were 

o p e r a t e d  and t h e i r  performance observed ove r  t h e i r  des igned  

r a n g  e .  
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Tes t  Chamber 

Pump-Down and L e a k  Rate  - The vacuum manifold w i t h  t h e  

b lank-of f  v a l v e  c losed  was capable  of be ing  pumped down to 3 m i l l i -  

torr a s  measured by a McLeod gage a f t e r  a 72-hour i n i t i a l  pump- 

down. The p r e s s u r e  i n  t h e  dry box was measured a t  4 m i l l i t o r r .  

The P i r a n i  gages showed h i g h e r  r e a d i n g s  t h a n  t h e  McLeod gage; how- 

ever ,  t h e  c a l i b r a t i o n  of the P i r a n i  gages i s  less a c c u r a t e .  

R i s e  of p r e s s u r e  w i t h  t ime i n s i d e  t h e  d r y  box was r eco rded  

ove r  s e v e r a l  r u n s :  t h i s  averaged abou t  35 m i l l i t o r r  p e r  hour .  

These i n i t i a l  r e a d i n g s  were h ighe r  t h a n  t h o s e  o b t a i n e d  i n  t h e  p r e -  

v ious  sodium experiment;  however, from subsequent  measurements of 

oxygen and moi s tu re  r a t e s  o f  r i s e  i n  t h e  d r y  box, t h e s e  va lues  

appeared  adequa te  for t h e  p r e s e n t  experiment .  I n c i d e n t a l l y  t h e  

h i g h e r  pump-down p r e s s u r e  i s  probably  due to minor wear of  t h e  

wiper  vanes of t h e  mechanical pump. Also, t h e  h i g h e r  i n - l e a k  

r a t e  i s  a t t r i b u t a b l e  t o  minuscule cover gas  th rough- l eaks  f rom 

t h e  c y l i n d e r s  through t h e  va lves  i n  t h e  mani fo ld .  

Oxygen and Mois ture  R i s e  - The moi s tu re  a n a l y z e r  and 

oxygen a n a l y z e r  were r e c a l i b r a t e d  by a f a c t o r y  s e r v i c e  r e p r e s e n t a -  

t i v e .  All worn p a r t s  were renewed i n c l u d i n g  t h e  e l e c t r o l y t i c  

c e l l s .  Argon gas  was monitored at t h e  mani fc ld  p r i o r  t.0 e n t e r i n g  

t h e  d r y  box and was found to c o n t a i n  0 .5  ppm 02 and 1 . 5  ppm H20. 

Argon was back-f lushed  i n t o  the  d r y  box ( a f t e r  o v e r n i g h t  pump- 

down) and al lowed to come to a tmospher ic  p r e s s u r e .  The a n a l y z e r s  

were swi tched  to sample t h e  box g a s .  With t h e  g love -por t  covers  

i n  p l a c e ,  t h e  moi s tu re  r o s e  a l m o s t  l i n e a r l y  from 1 . 5  t o  5 pprn i n  
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one hour  and t h e  oxygen climbed r a p i d l y  to abou t  4 ppm and then  

remained p r a c t i c a l l y  c o n s t a n t  f o r  t h e  one hour run,  s t a b i l i z i n g  

a t  3 .5  ppm. F i g u r e  8 shows t h e  m o i s t u r e  and 02 r i s e  a s  a f u n c t i o n  

of t ime.  

The r i s e  i n  moi s tu re  and oxygen w i t h  t h e  g l o v e  p o r t s  open was 

a l s o  r eco rded .  The g loves  i n  u s e  were a s u l f u r - f r e e  Bu ty l  r u b b e r  

g love ,  30 m i l s  t h i c k ,  i n  t h e  r i g h t  s i d e  and a PVC 30-mii g l o v e  li? 

t h e  l e f t  s i d e .  The PVC g l o v e  r e p l a c e d  a f a u l t y  (punc tu red )  Bu ty l  

g l o v e  s i n c e  no s p a r e  was a v a i l a b l e .  These Buty l  g loves  a r e  be ing  

t r i e d  on an  exper imenta l  b a s i s .  F i g u r e  9 shows t h e  r a t e  o f  r i s e  

o f  m o i s t u r e  and O2 which compares f a v o r a b l y  w i t h  va lues  o b t a i n e d  

i n  p r e v i o u s  experiments;  average  r a t e  of  r i s e  f o r  oxygen i s  about  

1 2  ppm/hr, and f o r  mois ture ,  30 ppm/hr. 

Oxide I m p u r i t y  Level  i n  Potassium 

P r e p a r a t i o n s  were made to c a l i b r a t e  t h e  o x i d e  i m p u r i t y  l e v e l  

of  l i q u i d  potass ium hea ted  i n  t h e  r e t o r t  and exposed to t h e  d r y  

box atmosphere over  a normal 8-hour working p e r i o d .  The p o t a s -  

sium had to be t r a n s f e r r e d  from t h e  s t o r a g e  drum to t h e  h o t  t r a p  
h 

where i t  was ho t - t r apped  for a minimum of  72 hours  a t  125OUF. 

Potassium sample capsu le s  were made from 3/4-inch d iameter ,  

.028- inch  wa l l ,  316 s t a i n l e s s  s t e e l  t ub ing ,  6 inches  i n  l e n g t h  

and capped on bo th  ends.  The c a p s u l e s  were degreased  i n  ace tone ,  

c a r e f u l l y  washed and baked out i n  vacuum p r i o r  to u s e .  Each 

c a p s u l e  could c o n t a i n  a 20-gram sample of potassium. The po- 

t a s s i u m  samples a r e  s e n t  to Atomic Power Development A s s o c i a t e s  
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i n  D e t r o i t ,  Michigan, f o r  a n a l y s i s  by a modified mercury amalgama- 

t i o n  t echn ique .  Neutron a c t i v a t i o n  a n a l y s e s  were cons idered  b u t ,  

i n  view of low confidence l i m i t  for d e t e c t i n g  oxygen l i m i t s  below 

50 ppm and t h e  need to u s e  c o n t a i n e r  m a t e r i a l  having l e s s  t h a n  

10 ppm of  oxygen (commercial ly  u n a v a i l a b l e ) ,  t h i s  method of  t e s t i n g  

was abandoned. 

Each o f  t h e  f o u r  potassium samples were t aken  by t n e  d i p  t ~ b c  

method used p r e v i o u s l y  f o r  sodiEm sampling. S e v e r a l  d i p s  were 

r e q u i r e d  to f i l l  a sample capsu le  wi th  potassium. During t h e  en- 

t i r e  sampling p e r i o d ,  r e p r e s e n t i n g  about  4-1/2 hours  of  a normal 

working day, g l o v e  p o r t s  were ope ra t ed  i n t e r m i t t e n t l y ,  t h e  e l e -  

v a t i n g  mechanism was o p e r a t e d  and a specimen was t e s t e d  and r e -  

moved from t h e  box through t h e  specimen l o c k .  The d r y  box was 

pumped down a f t e r  t h e  f i r s t  sampling, s i n c e  t h e  moi s tu re  l e v e l  

r o s e  to 65 ppm. The r e s u l t s  o f  t h i s  c a l i b r a t i o n  a r e  con ta ined  i n  

T a b l e  1. 

C a l i b r a t i o n  o f  t h e  M a g n e t o s t r i c t i o n  Device 

'The double  ampl i tude  and r e s o n a n t  f requency  o f  t h e  magnsto- 

s t r i c t i o n  d e v i c e  were c a l i b r a t e d  by r e a n s  of  a f i l a r  microscope 

and an  o s c i l l o s c o p e  v o l t a g e  d i s p l a y  o f  +,he v o i c e - c o i l  o z t p u t .  Wi5h 

t h e  d isp lacement  pickup c o i l  l o c a t e d  i n  the new p o s i t i o n ,  a s  s h o w  

i n  F i g u r e  5, t h e  peak-to-peak t r a v e l  of specimens was measured a s  

a f u n c t i o n  of rnv ou tpu t  of t he  o s c i l l o s c o p e  a s  p l o t t e d  i n  F ig-  

iire lo., The r e s o n a n t  f requency  o f  t h e  m a g n e t o s t r i c t i o n  assembly 

a t  t h e s e  ampl i tudes  was 1 4  kcs .  
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When t h e  a i r - c o o l i n g  system f o r  t h e  t r a n s d u c e r  s t a c k  was 

ope ra t ed ,  t h e  a i r  o u t l e t  t empera ture ,  a t  0 .5  cfm d i r e c t e d  a t  t h e  

s t a c k ,  was recorded  t o  be  54 F. Under t h e s e  c o n d i t i o n s ,  t h e  

s t a c k  tempera tures  a t  f u l l  power remained below 150 F which i s  

cons idered  to be  s a t i s f a c t o r y .  

0 

0 

A l l  o t h e r  components a s s o c i a t e d  wi th  t h e  f a c i l i t y  were 

checked f o r  p rope r  o p e r a t i o n .  I t  was concluded t h a t  t h e  f a c i l i t y  

i s  r e a d y  f o r  conduct ing t h e  necessa ry  experiments  r e q u i r e d  f o r  

t h e  r e s e a r c h  program, 

V. TEST PROGRAM 

The t e s t  program i s  d iv ided  i n t o  two exper imenta l  phases :  

( a )  Temperature S t u d i e s  

( b )  P r e s s u r e  Parameter S t u d i e s  

Temp e ra  t u r e  S t u d i e s  

On t h e  b a s i s  of t . he i r  h igh  s t r e n g t h  and o t h e r  d e s i r a b l e  

p r o p e r t i e s  a t  e l e v a t e d  tempera tures ,  f i v e  c a n d i d a t e  m a t e r i a l s  

have been s e l e c t e d  by NASA f o r  de t e rmin ing  t h e i r  c a v i t a t i o n  dam- 

a g e  r e s i s t a n c e  i n  l i q u i d  potassium ove r  t h r e e  t empera tu re  r anges :  

4 O O 0 P ,  ~OO'F, and i200°F. The t e s t  m a t e r i a l s  whose chemical 

composi t ions a r e  g iven  i n  Table  2 a r e  l i s t e d  a s  fo l lows :  
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( a )  316 s t a i n l e s s  s t e e l ,  

( b )  T-111  a l l o y ,  

( e )  TZC a l l o y  i n  two c o n d i t i o n s  of  h e a t  t r e a t m e n t :  

r e c r y s t a l l i z e d  and s t r e s s  - r e l i e v e d ,  

( d )  Cb-132M a l l o y  i n  two c o n d i t i o n s  of  h e a t  t r e a t m e n t :  

r e c r y s t a l l i z e d  and s t ress  -re1 ieved ,  and 

( e )  T i c  + 10 pe rcen t  C'D 'u i i ider .  These sp?cimens a r e  

t o  be f u r n i s h e d  by NASA i n  t h e  form of  1/4 i n c h  

t h i c k n e s s  d i s c s ,  5/8 i n c h  d i ame te r s ,  which w i l l  

be  brazed  t o  Cb-1 Zr c a v i t a t i o n  b u t t o n  s t u b s .  

The r a t e  of  volume l o s s  f o r  t h e s e  a l l o y s  w i l l  b e  determined 

a s  a f u n c t i o n  of t e s t  d u r a t i o n .  The damage r a t e s  i n  t ,he s t e a d y  

s t a t e  zone w i l l  be compared t o  t h a t  of 316 s t a i n l e s s  s t e e l ,  chosen 

a s  a c o n t r o l  because of i t s  e x t e n s i v e  u s e  a s  a containment ma- 

t e r i a l  f o r  h igh- tempera ture ,  a l k a l i  m e t a l s .  

The p r e s s u r e  parameter  ( r e t o r t  argon p r e s s u r e  minus po- 

t a s s ium vapor p r e s s u r e )  w i l l  be kep t  c o n s t a n t  a t  lfs f 1 p s i a  

throughout  t h e s e  t e s t s .  

P r e s  s u r  e Parameter S t u d i e s  

The second phase of t h e  exper imenta l  program w i l l  b e  t o  

de t e rmine  t h e  e f f e c t  of t h e  p r e s s u r e  parameter  on t h e  c a v i t a t i o n  

damage s u s t a i n e d  by two o f  t h e  m a t e r i a l s  t e s t e d  i n  t h e  tempera- 

t u r e  s t u d i e s :  316 s t a i n l e s s  s t e e l  and t h e  TZC a l l o y  i n  one o f  
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t h e  p r e v i o u s  h e a t - t r e a t e d  c o n d i t i o n s .  The p r e s s u r e  parameter  

(which rough ly  corresponds t o  NPSH of a pump) w i l l  v a r y  from 

2 5 1 p s i a  t o  40  -I 1 p s i a  wi th  t empera tu re  r anges  for potass ium 

of  400°F t o  1300°F. 

t e s t e d .  

Twelve r e t o r t  p r e s s u r e  l e v e l s  a r e  t o  be 

The exper imenta l  d a t a  ob ta ined  from t h e  above two phases  

w i l l  be ana lyzed  t o  de te rmine  what m a t e r i a l  p r o p e r t i e s  and liquid 

paramete r s  govern t h e  r a t e  of  c a v i t a t i o n  damage t o  t h e  m a t e r i a l .  

Tab le  3 l i s t s  some of t h e  more impor t an t  p h y s i c a l  p r o p e r t i e s  of 

t h e  m e t a l s  under  c o n s i d e r a t i o n .  Tab le  4 g i v e s  t h e  s a l i e n t  

p h y s i c a l  p r o p e r t i e s  o f  l i q u i d  potass ium.  

The n e x t  t e c h n i c a l  p rog res s  r e p o r t  w i l l  cover t h e  e x p e r i -  

menta l  s t u d i e s  on c a v i t a t i o n  damage a s  a f u n c t i o n  o f  t empera tu re .  
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Box I Box 
02 H2 0 

(PPm) (PPm) 

3:20 PM 

4:50 PM** 

6 :21  PM 

7:50 PM 

Potassium 
Temp. 
(OF) 

TABLE 1 

Oxide I m p u r i t y  Levels  i n  Potassium* 

Sample 
No. 

--__ 

Oxide 
I m p u r i t y  

( P P d  

* A l l  samples were taken  i n  t h e  r e t o r t  under  d r y  box 
argon atmosphere on 7-28-66. 

** Box was pumped down and back-f lushed  wi th  a rgon .  

Note: Cover gas measured a t  manifold con ta ined  0 . 4  ppm 02 
and 2 . 2  ppm H20. 
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TABLE 3 

Some Mechanical P r o p e r t i e s  o f  Alloys Under T e s t  
(Room Temperature ) 

T e n s i l e  
S t r e n g t h  ( p s i )  

Y ie ld  S t r e n g t h  
( P s i  1 

Elonga t ion  
i n  2"* 

( i n  1") 
42 

0 

Mater ia  1 

89,600 73,000 T - l l l  

I CB-132M log ,  800 121,200 4.2 

316 s t a i n l e s s  
s t e e l  68, ooo 91,400 36 

80,000 - 
110,000 

( i n  4D) 
5 

( i n  4D) 
15 

60,000 - 
go, 000 

100,000 - 
140,000 

Class  A 
TZC 

C las s  B** 125,000 - 
175,000 

* Except where o the rwise  s p e c i f i e d .  
** P a r a l l e l  t o  d i r e c t i o n  o f  work. 



. 
HYERONAUTICS, I n c o r p o r a t e d  

3 

r-0 0 0 
I u 3 L n O O  

r i c u = t r -  
u 

0 h 
-P 
-rl 
m 

. . . .  
0000 

u 
0 

Lnoooo 
r - - 0 0 0 0  

cu=YUJco 
u 

0 

-? ,+ 
a 
0 

00000 
O I n O L n O  
d c u = t L n r -  

u 
0 h 

c, 
.rl 
m 
C 
a, n . . . . .  

00000 

moa cum 
( V ? f  r-mcn 
m=f LnUJw 

u 
0 a, 

L 
L = I  o m  

0 
=t a, 

m o  w a , c  ho x I 

OLnLn LnLnLn 
Ou I o o o o o o  ddcu m=tLn E 

E 
d o 0 0 0  d o 0 0  

r - l c u d -  
E 

-?. m 
a, c 
3s a 

u 
c- 
u7 c- 

0 

=t 0 0 0 0  
0 w LnLnoLn u /  r - lcumm 

opc a 

m 
=t- 
ri 

c I: cumoco 

0 0 0 0 0  
O " l  O cu O 0 O 0  m d m w  

ho cc, u 
cu 
m 

0 

u 
0 c u d L n  

-3 L n c - o m  
rl ocncna 
ri r - l o o o  
0 0 0 0 0  

. .  . .  UJ cn 
0 

m 
m ' m  i 



HYDRONAUTICS, INCORPORATED 

X 
0 

U 

0 
3 
W 



. HYDRONAUTICS, INCORPORATED 

TEST CHAMBER INTERIOR 

POTASSIUM VAPOR 
EXISTING "ROD OUTS" 

II / I 

EXISTING ARGON COVER 
GAS AND VACUUM SYSTEM 
THROUGH CONNECTION 

DRY BOX FLOOR 

RETORT 

RETORT PRESSURE 
CONTROL VALVE 

POTASSIUM FILL LINE 

FILL VALVE 

3 DUMP VALVE 

Tp* POTASSIUM DUMP LINE 

FIGURE 2 - MODIFIED RETORT SYSTEM 
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NEW SECOF 

ELEVATING TUBE 

EXISTING THREADED ADAPTER 

1/8 N P T  - 1/4 TUBE 

ODlFlED EXISTING 

FIGURE 6 - SECONDARY SEALING SYSTEM FOR RETORT NOZZLE 
(PRE S SURE EX PER I MEN TS) 
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